limb was successfully performed. The patient recovered well and further surgery is planned for functional reconstruction of the left lower limb.
INTRODUCTION
Limb duplication is a rare disorder, and is usually only polydactyly. Only 17 cases of duplication of an isolated limb have been reported between 1965 and 2004. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 
CASE REPORT
In May 2000, a 4-year-old male orphan was brought to the Xi-Jing Hospital, Xi'an, China, with a diagnosis of polymelia of a lower limb, left clubfoot, and paralysis in the left lower limb. The patient was abandoned after birth but was adopted by a child welfare institution. No information was available about the boy's parentage; it was not known whether they were consanguineous or had been exposed to any drugs or other teratogens during conception.
The patient was 65.2 cm high and weighed 14 kg with normal vocal, language, social, and mental development for his age. Physical examination showed the following:
(1) A supernumerary limb situated on the left part of the lumbosacral spine with a relatively wide and round root connected to the lumbosacral spine by bony tissue. A pseudo-navel and a pseudo-penis (closed at the urethral externum ostium) were found near the middle of the root. No epididymi or testicles were felt in the affiliated scrotum. Very limited passive motion and no active movement could be produced by the limb but sensation was normal. A foot duplication with metatarsal face-to-face was noted at the end of the supernumerary limb. A knee joint which could not be straightened passively was found on the middle part of the limb. The skin on the concave surface was webshaped. The limb's skin colour was normal (Fig. 1) .
(2) The right lower limb had normal sensation, motion, muscular tension, and strength. The left lower limb had abnormal appearance and strength: shorter length (left, 35 cm; right, 39 cm), smaller circumference at 10 cm above the patellae (left, 19 cm; right, 22 cm), and at 5 cm above the ankles (left, 11 cm; right, 13.5 cm). Reduced sensation to touch was detected in the left lower limb, but pain sensation was normal. The left limb muscle strength was evaluated as: grade 2 in iliopsoas; grade 1 in gluteus maximus, gluteus medius, and adductor femoris; grade 0 in quadriceps f e m o r i s , b i c e p s f e m o r i s , s e m i t e n d i n o s u s , semimembranosus, anterior, posterior, and lateral groups of muscles around the foot and ankle. The left lower limb was hypotonic and manifested a clubfoot (Fig. 1) .
(3) Reflexes of the patella and Achilles' tendon of both lower limbs were absent, but abdominal, cremasteric, and anal reflexes were normal.
(4) A radiographic examination using X-ray and a 3-dimensional computed-tomography reconstruction indicated a left convex thoracolumbar scoliosis, semivertebrae in T7 to T9, lumbosacral vertebral dysplasia, dislocation of the left hip, clubfoot, and an inversely oriented pelvis dorsally connected to the normal pelvis by soft tissue (Fig. 2 ). The supernumerary limb was articulating with the pseudo-pelvis through a hip and contained the femur, tibia, fibula, and duplicated foot at the end (Fig. 2) . Magnetic resonance imaging revealed coronary splitting of the thoracic vertebrae, and a lipoma in the sacral canal that resulted in a tethered spinal cord, subsequently diagnosed as a possible lipomyelomeningocoele (Fig. 3) . There was also reduced volume of the right thorax, a left-displaced heart, and a right-displaced and -rotated abdominal and lower thoracic aorta. The right kidney was elevated subjacent to the diaphragm, the liver was moved forward, and the spleen was enlarged.
(5) An echocardiogram revealed congenital aortic valve dysplasia.
(6) An electrophysiological examination showed reduced motor conduction velocity in the left common peroneal nerve.
(7) A barium meal for fluoroscopic diagnosis indicated no abnormalities in the alimentary canal.
Surgical treatment was planned for removal of the supernumerary limb including the pseudo-penis, pseudo-pelvis, and the lipoma. With the patient under general anaesthesia, incisions were made on both sides at the root of the supernumerary limb. The soft-tissue connection between the primary and secondary pelvises was detached by stripping the subperiosteum from both sides. The lipoma was then exposed and excised; a meningocoele below the lipoma was identified and repaired. The findings of the preoperative examination were confirmed at surgery. The boy made an uneventful recovery (Fig. 4) and one year later the strength of the left iliopsoas and adductor femoris had improved by one grade.
DISCUSSION
Isolated limb duplication is such a rare congenital condition that only 17 cases have been documented. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] It is widely accepted that adverse embryogenic influences are responsible for this kind of anomaly. Limb differentiation occurs roughly between the fourth and fifth weeks of embryonic development, 17 and it follows a dorsal to ventral and proximal to distal pattern, with many factors involved in the process. Initially, 2 pairs of limb buds-anterior and posteriorprotrude from both sides of the embryo, and comprise cells of ectoderm and mesoderm. Their interaction is responsible for cell positioning and limb differentiation. The covering ectodermal layer of the limb bud is termed the apical ectodermal ridge (AER). The zone of proliferating activity (ZPA), another group of cells, is located subjacent to the AER. Both are necessary for limb development. Mesodermal cells in the ZPA stimulate AER formation and the AER maintains the ZPA. 18 Research seeking other factors able to further define the interaction between the ZPA and AER has found that a positive feedback loop can be affected by 
Figure 4 P o s t o p e r a t i v e p h o t o g r a p h s h o w i n g t h e supernumerary limb removed.
the endogenous Sonic hedgehog (Shh) signal in the ZPA and fibrous growth factor-4 (FGF-4) in the AER by mutual maintenance. This feedback can activate secondary signals that mainly include the gene Hoxd-13 and bone morphogenesis protein-2 (BMP-2). 19, 20 Ectopic expression of Hoxb-8 may cause limb duplication. 21 The sequence of limb development goes from proximal to the distal sites. This provides a basis on which criteria for classification of human limb duplication are proposed. 22 According to the criteria, prespecified and postspecified parts of the limb may present different defects in the presence of teratogenic events. 22 The former, known as the specification defect, features complete absence of bones and related soft-tissue structures and/or occurrence of a supernumerary limb. The latter, known as the postspecification defect, involves misshapen, diminished, or absent bony structures with relatively normal associated soft tissue. The level and manifestation of limb deformity can thus be used to determine the approximate timing of the teratogenic event that occurred during limb development. Embryological investigations have furthered understanding of the AER's role in determining what the mesoderm will develop into. As the AER grows more distal, the induced mesodermal cells, comprising rudimentary parts of the limb, can continue to grow without any developmental interference even if the AER is transplanted to the adjacent region. This leads to an assumption that duplication of the limb derives from the influence of the AER with abnormal splitting creating 2 sets of limbs. This is similar to the process governing formation of the digits, as the breaking up of the AER into 5 parts creates a ZPA for each of the prospective digits.
In this boy, with a pelvic and lower-limb duplication (specification defect), it is speculated that unidentified teratogenic factors affected him during week 4 of development, at the time the AER initiated development of limb buds. The duplicated foot is another specification defect at the end of the supernumerary limb. This indicates an additional adverse influence oriented toward the posterior limb bud before week 5 of development when specification of the foot and toes should be completed. These 2 weeks out of the total 38 weeks required for development from zygote to newborn baby is a very small window of time in which limb deformities can be induced, and may explain their rare occurrence. 22, 23 Other deformities in our patient such as semivertebrae, spina bifida, scoliosis, hip dislocation, and clubfoot were also evaluated with reference to embryonic development. At week 4, mesenchymal cells in the sclerotomes migrate in 3 directions: one group of cells is packed medially and ventrally to enclose the notochord, the other 2 grow backwards symmetrically to enclose the spinal cord and form the rudimentary vertebral laminae. At week 6, chondrification centres appear in the mesenchymal cells. At week 8, endochondral ossification follows and the bony vertebrae are formed. 24, 25 If such a process is adversely affected at any stage, deformities may occur. Semi-vertebrae, that may give rise to scoliosis, result from absence of one of the ossification centres supposed to be within the same cartilage centrum. Spina bifida is an indicator of poor development of the spinal cord at an early stage of embryonic development. Dysfunction of the interplay between the neural crest and the mesenchymal cells in sclerotomes (earmarked to form the vertebral laminae) cause incomplete enclosure of the spinal cord by the lamina and malformation of the spinal cord. Spina bifida and/or myelomeningocoele can then result. This condition is often associated with reduced general muscle strength. Hip dislocation, clubfoot, and, partially, scoliosis are probably the result of muscular abnormalities. 25 Our case is consistent with the condition described by Chakrabortty 26 where lipomyelomeningocoele may induce tethered cord symptom. The heart defect in this child, congenital aortic valve dysplasia, may be attributed to the same or similar teratogenic factors because heart development occurs during the same period (postspecification defect).
Comparing the specification and development schedules for different parts of the embryo with the deformity profile of our patient, sugggests some teratogenic events may have occurred between weeks 4 and 8 of embryonic development. The vascular pattern of the supernumerary limb was not evaluated in our patient. A comprehensive review of the literature revealed that vascular deformity is very often associated with limb deformity, both in specification and postspecification types. 27, 28 Isolated limb duplication is a rare condition and is even rarer when complicated by pelvis duplication. The diagnosis and surgical management of this child was made difficult by multiple deformities. A comprehensive evaluation including physical, radiological and electrophysiological examinations should be undertaken to obtain a detailed picture of the supernumerary limb and its relationship with surrounding structures. We set 3 objectives for this surgery: to remove the supernumerary limb; to avoid jeopardising the viscera and thus avoid impairing excretory function, normal blood supply, motion and sensation; and to improve the function of the left-lower
